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Avery Villa-Gonzalez
Abstract:
Adolescence is a developmentally critical transition from childhood to adulthood
including both maturation of the body and the brain. Neuroplastic changes result in dynamic
organization of the brain during adolescence, leaving them vulnerable to development of mental
illness and drug-seeking behavior. According to the United Nations Office on Drugs and Crime,
the psychostimulant cocaine is the second most popular illicit drug in the world. Cocaine,
amongst having many detrimental effects, has shown to also decrease hippocampal neurogenesis,
resulting in decreased neuroplasticity and cognitive dysfunction. Previous students in our
laboratory have shown that treatment of adult male rats with the essential β-amino acid taurine
(2-aminoethanesulfonic acid) has been effective in attenuating the reward value of cocaine in a
conditioned place preference paradigm, independent of hormonal status. Taurine has also been
shown to be a neuroprotectant and neurogenic. In these studies, taurine was tested as a protectant
against cocaine reward by increasing neurogenesis in the brain in adolescent males. Using a
conditioned place preference (CPP) cocaine reward paradigm, taurine was found to be
ineffective in attenuating cocaine preference in adolescent males and was found to possess
rewarding properties itself. Bromodeoxyuridine (BrdU) was then used to determine if taurine
affected neurogenesis in the hippocampus after cocaine treatment. This study determined that
taurine was neither protective against cocaine’s rewarding properties or have a significant impact
on neurogenesis in the hippocampus of adolescent male rats. Further studies should be
performed to determine which mechanisms of plasticity taurine may be affecting to support the
rewarding properties of cocaine. Since sex differences exist in taurine therapeutic value, the
effects of taurine on the adolescent female brain should be evaluated as well.
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Introduction:
Adolescence is a critical period:
Adolescence is a crucial period of development for not only the body, but the mind as
well. Changes in neuroplasticity are at its highest during this period of life to ensure proper
maturation of the brain. This state of increased neuroplasticity also leaves the brain vulnerable to
the development of mental illness. Adolescence has been noted as the emergence point for over
half of all mental illness, including: anxiety disorders, bipolar disorder, depression, eating
disorders, and psychosis. It is also the most common time for the onset of substance abuse
(Geidd, 2015).
Cocaine:
Second to cannabis, cocaine is one of the most popular illicit drugs in the world with an
especially high concentration of usage in the U.S. (United Nations Office on Drugs and Crime,
2015). Cocaine is a psychostimulant capable of inducing euphoria and pleasure through the
manipulation of dopamine concentrations. Cocaine creates these effects by abnormally
enhancing dopaminergic transmission through the inhibition of the transporter responsible for
presynaptic dopamine reuptake (Castilla-Ortega et al., 2016). In a cocaine self-administration
study involving adolescent rats compared to adults (Wong et al., 2013), adolescents presented
greater self-administration of cocaine and exhibited escalation of cocaine intake. Another
profound, noted effect of cocaine is its ability to decrease neurogenesis in the dentate gyrus, a
part of the hippocampus (Deschaux et al., 2014). The hippocampus is located in the temporal
lobe and is primarily composed of excitatory glutamatergic neurons in addition to inhibitory
GABAergic interneurons (Vizi and Kiss, 1998). The hippocampus is able to potentiate
neurogenesis, generating new functional neurons. Cocaine exposure decreases the expression of
BDNF (brain-derived neurotrophic factor), delaying neuronal migration and inducing lasting
deficits in the number of cortical neurons (e.g. decreasing neurogenesis) (McCarthy et al., 2014).
This brain structure plays a key role in the formation of drug-context associations and in the
mediation of drug-taking and drug-seeking behaviors (Atkins et al., 2008; Lasseter et al., 2010;
Noonan et al., 2010; Deschaux et al., 2014). Studies focused on the relationship between lowered
hippocampal neurogenesis and cocaine-seeking behaviors, both CPP and relapse-based, showed
that reduced adult hippocampal neurogenesis increased and was capable of reinstating cocaine
seeking behaviors (Deschaux et al., 2014; Castilla-Ortega et al., 2016). Decreased hippocampal
neurogenesis has been associated with increased memory consolidation, allowing for cocaine
seeking behaviors to strengthen (Akers et al. 2014). Treatments that increase neurogenesis
should prevent the initiation of these addictive behaviors and prevent relapse.
Taurine:
Taurine (2-aminoethanesulfonic acid) is an essential β-amino acid that shows
neuromodulatory and neuroprotective properties (Laidlaw et al., 1990). Taurine prevents
glutamate-mediated excitotoxicity-induced cell damage and cell death caused by over
stimulation of glutamate receptors. Taurine does so by opening chloride channels on
postsynaptic neurons to prevent depolarization and activation of NMDA receptors (Okamoto et
al. 1983) and directly attenuating glutamate NMDA (N-methyl-D-aspartic acid) receptor activity
(Chan et al.,2014). An NMDA antagonist, clozapine, was shown to prevent cocaine’s neurotoxic
effect on the development of dopamine neurons (Lidsky and Banerjee 1992). Taurine, also being
an NMDA antagonist, provides evidence that it can combat against cocaine-induced
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neurotoxicity and the development of glutamate-mediated excitotoxicity (Yablonsky-Alter et al.
2005). Chronic administration of cocaine also increased extracellular levels of taurine in the
brain suggesting that taurine plays some role in response to cocaine exposure (Banerjee et al.,
2013; Yablonsky-Alter et al., 2009; Idrissi and Trenkner, 1999).
Taurine is found abundantly more so in the developing brain than in the mature brain,
decreasing as the brain ages (Miller et al., 2000). Neurogenesis follows the same trend
suggesting that taurine plays a role during brain development and as taurine levels decrease, the
ability to create new brain cells diminishes. Treatment of adult mice with taurine resulted in
increased hippocampal neurogenesis, increasing cell proliferation in the dentate gyrus through
the activation of stem-like cells. Taurine also increased the proportion of dendritic branches
extending from those immature neurons. The increased proportion of branches suggests that not
only did taurine increase the number of newly made neurons but it caused an increase in
maturation and survival of those new cells. Taurine increased adult neurogenesis (Gebara et al.
2015).
Taurine re-establishes neurogenesis in the mature brain and thus may serve as an
appropriate preventative treatment for the initiation of cocaine addictive behaviors. The effects
of taurine on neurogenesis in cocaine-exposed adolescents has yet to be determined. Although
taurine increasing neurogenesis has only been observed in aged rats, it may increase
neurogenesis in adolescents and counteract or attenuate the negative neurogenic effects brought
about by cocaine. Increased neurogenesis may also stand to leave the adolescent brain more
vulnerable. Newly formed neurons could incorporate themselves into areas of the brain that
support cocaine-seeking behavior or preference.
Objective:
Evidence of taurine as a treatment for cocaine addiction can be seen through the results of
previous studies conducted in our laboratory. Specifically, it was determined that taurine
decreased cocaine reward in both adult male and female rats. These effects were found to be sex
and hormone dependent, where males are more responsive to taurine’s neural protective effects
than females (Uribe, et al, in prep.). The objective of the present study is to assess taurine’s
potential as an intervention for cocaine preference and to examine the implications of taurineinduced changes in neurogenesis in adolescent male rats.
A cocaine conditioned place preference (CPP) paradigm was utilized for the behavioral
portion of experiment. CPP repeatedly pairs a drug or non-drug treatment with a neutral
stimulus. The motivational properties of that treatment are then assessed in the presences of the
neutral stimulus and absence of the treatment (Tzschentke, 2007). Subjects are exposed to an
apparatus composed of three adjacent chambers. The two outer chambers contain environmental
neutral stimuli, such as rough or smooth textures, that become paired with drug or non-drug
treatments. The central chamber serves as a passageway between them. The constant pairing of
the treatment to the neutral stimulus can encourage approach when that stimulus is presented
(Tzschentke, 2007). CPP is dependent on the rewarding properties of the conditioned treatment
and its associability to the environmental neutral stimulus, thus allowing preference to be
studied. The anatomical portion of the study utilized the proliferation marker 5-bromo-2deoxyuridine (BrdU) to study the effects of taurine on hippocampal neurogenesis. The
hippocampus, along with being a neurogenic center, is activated during performance of tasks that
require formation of associations between stimuli within an event, making it an appropriate brain
structure to study in this CPP-based experiment (Ongur et al., 2005).
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Methods:
Behavioral:
Thirty-six intact, juvenile male Sprague-Dawley rats (postnatal day 22) obtained from
Charles River were divided into four groups (Table 1). All rats were housed in a climatecontrolled facility with a 12-h light/dark cycle with access to food and water. Rats were kept in
the study from age P25 to P29. Housing and care were conducted in accordance with 1996 Guide
for the Care and Use of Laboratory Rats (Institute of Laboratory Animal Resources on Life
Sciences, National Research Council, 1996; protocol approved by CCNY committee).
Pretreatment injections of either taurine (100 mg/kg) (Sigma Cat# T-0625) or saline (Bicca Cat#
7200-32) were administered for two weeks and were injected intraperitoneal (IP).
Two weeks of pre-treatment were conducted with a ten-day CPP behavioral paradigm
introduced afterward. The first day of behavior was for habituation. Animals were placed into the
middle chamber and were allowed to freely explore the chamber for 15 minutes. During
conditioning (day 2 through day 9), before being placed into the CPP chamber, the animals
received two injections of either hydrochloric cocaine (10 mg/kg) (Sigma Cat# C5776), saline, or
taurine and were placed into the rough texture chamber for 30 minutes. On alternate days, all
treatment groups received two injections of saline on both sides of the torso and were placed into
the smooth texture chamber for 30 minutes. Injections were administered bilaterally to avoid the
stress that injections on one side would cause. On the tenth day, behavior was assessed. Animals
were placed into the middle chamber with dividers in place. The dividers were removed and the
animals were allowed to freely explore the chamber for 15 minutes and behavior was recorded.
Table 1-Description of Pre-treatment and Co-treatment Paradigm for Cohorts
Sex
Pre-Treatment Co-administration
Treatment Treatment on
(# of animals) (# of animals)
on Paired Unpaired Side
Side
MidTaurine (n =
Cocaine+Taurine (n = 9) Coc+Tau Sal
Adolescent 27)
Cocaine+Saline (n = 9)
Coc+Sal
Sal
Males
Taurine+Saline (n = 9)
Tau+Sal
Sal
Saline (n = 9) Cocaine+Saline (n = 9)
Coc+Sal
Sal

Post-Behavioral
Treatment
Coc+Tau+BrdU
Coc+Sal+BrdU
Tau+Sal+BrdU
Coc+Sal+BrdU

Statistics: Two-way ANOVAs were used to determine how treatment impacted time
spent in the paired and unpaired chambers. Planned t-test comparisons were performed to
determine significant differences between the paired and unpaired chambers within each
treatment. Significance was determined by a p < 0.05.
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Anatomical:
Injections continued for a week following the end of the ten-day CPP with the last 3 days
including additional injections of BrdU. Animals were handled for two weeks and then sacrificed
and perfused using a paraformaldehyde. Brains were then collected and placed in a solution of
30% sucrose and 4% paraformaldehyde in +4 degrees Celsius. Brains were sectioned using a
cryostat machine with a thickness of 40 μm and then placed in cryoprotectant solution at − 20 °C
until an immunocytochemistry (ICC) was conducted.
The first day of the ICC procedure consisted of first transferring sections into 0.05M of
TBS. The sections were then rinsed twice in 0.05M TBS and placed on a shaker for ten minutes
per each rinse. They were incubated in 0.6% H2O2 for 30 minutes at room temperature and then
rinsed three more times in 0.05M TBS and placed on the shaker for five minutes per rinse.
Brains then were placed in 50% Formamide: 2XSSC for two hours in a 65oC water bath. Two
more rinses were done, 15 minutes each, using 2XSSC. Incubation in 2N HCl for 30 minutes in a
37oC water bath was next followed by a rinse in 0.1M borate buffer for 10 minutes. Brains were
rinsed two times in 0.05 TBS for 5 minutes each and then two more times at 10 minutes each.
Blocking was then performed in order to ensure that the primary antibody would bind to only
BrdU. To do so, 100 ml of a 10% TBS-plus solution was made using 10 µl of Triton X- 100 and
990 µl of TBS. 1 ml of that solution was then added to 96 ml of TBS and 3 ml of donkey serum.
Finally, one ml of the primary antibody: Seralab (Serotec) monoclonal rat anti-BrdU was placed
in the TBS-plus solution and then put into the tubes (2mls/tube) to stay overnight at 4oC on a
shaker.
The second day of ICC started with two rinses of 0.05M TBS on the shaker for 15
minutes each. The blocking step was repeated and incubation with this solution was done for 15
minutes. Two mls of the secondary antibody: Vector Donkey anti-rat were placed into the tubes
and were allowed to incubate for two hours at room temperature. Three rinses of 0.05M TBS for
10 minutes each followed. ABC-Elite was made using 10 µl of A and 10 µl of B added to 980 µl
of TBS. Two mls of this solution were added to the tubes and were incubated for an hour at room
temperature. Next, brains were rinsed three times with 0.05M TBS for five minutes each and
then 2mls of DAB were added for 5-10mins. The DAB solution was covered with aluminum foil
due to its light sensitivity. Finally, two rinses with tap water for 5 minutes each and then a rinse
of 0.05M TBS for 5 minutes were conducted. Sections were stored in the refrigerator in TBS and
later mounted from 0.1% gelatin water to be viewed on the microscope.
The different sections of the hippocampus (Dentate gyrus, CA1, CA2, and CA3) were
contoured and BrdU positively stained cells were counted within those contours. Borders of each
region were determined by comparison of the section to images in a rat brain atlas. The figure
below depicts a clarification of how the cells were determined to be BrdU positive or not. Cells
stained for BrdU have brown coloration which can range from light to dark. Caution was taken
to not confuse stained cells with dirt or other anomalies on the slides, which also often have dark
colorations. Adjustments to the focus of the microscope helped distinguish the difference.
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A)

B)

Figure 1: A higher magnification image to clarify what is and what is not a BrdU positive
stained cell. Cells stained for BrdU are brown in coloration whereas dirt and other anomalies are
often black. In the field of focus where all cells are clearly visible, dirt and damage to the slide
appear to be blurry, indicating that it is not a stained cell. The dark mark encircled is an example
of such (A). A change in focus reveals that the blurry black mark was a damaged portion of the
slide (B). All other brown marks are stained cells.
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Day 14: End of
pre-treatment

Day 1: Beginning of
pre-treatment of
taurine and saline

Day 16, 18, 20, 22:
Conditioning with coadministration of taurine,
cocaine, or saline on paired
side

Day 25-31:
Continued
treatment of coadministration of
Day 24:
taurine, cocaine, or
Experiment saline +BrdU
day

Day 15:
Day 17, 19, 21, 23:
Habituation day Conditioning with saline on
unpaired side

Day 45:
Perfusion/
brain harvest

Figure 2: Experimental Design
Results:
Behavioral:
Regardless of treatment during the CPP, all of the adolescent male rats showed a
preference for the paired chamber. Pre-treatment and co-administration of taurine was not
effective in attenuating cocaine preference in adolescent males.
The control group of adolescent male rats that were conditioned to cocaine, without any
taurine treatments, showed a significant preference to the paired cocaine chamber compared to
the unpaired chamber. The rats that were pre-treated with taurine and then conditioned to cocaine
also showed a preference for the cocaine paired chamber. The same results were found for the
rats that received pre-treatment of taurine and then were co-administered taurine and cocaine.
The last group consisting of rats pre-treated with taurine and then conditioned to taurine,
unexpectedly, showed a significant preference for the paired chamber. The two-way ANOVA
test run showed that there was a significantly higher preference in the paired chamber for all
groups (F(1,62)= 20.34; P<.0001). In figure one below, it can be seen that in all treatment
groups, more time was spent in the paired chamber compared to the unpaired one.
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Preference time (secs)

Preference Time When Exposed to Different
Treatment Groups

Treatment Group
Figure 3: Taurine was ineffective in attenuating cocaine preference in adolescent male rats. In
all treatment groups concerning cocaine, a significant preference was found for the paired
chamber. The rats conditioned for taurine also showed a preference for the paired chamber
suggesting that taurine has rewarding properties. The male adolescent rats spent significantly
more time in the paired chambers than in the unpaired ones.
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Anatomical:
Brain sections were observed under the microscope with a specific focus on the
hippocampal region (Dentate gyrus, CA1, CA2, and CA3). Cells that were stained with the
proliferation marker BrdU were counted in each of these regions as a measure of neurogenesis
and cell survival. The figures below depict contoured images of brain sections belonging to each
of the treatment groups with the dentate gyrus outlined in blue, CA3 in purple, CA2 in dark
green, and CA1 in light green. BrdU positively stained cells are encircled in yellow.

Figure 4: Contoured Images of Tau/Coc/Tau adolescent male rat brains.

Avery Villa-Gonzalez 11
Taurine’s effect on cocaine reward and neurogenesis in the adolescent male rat brain.

Figure 5: Contoured images of Tau/Coc/Sal adolescent male rat brains
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Figure 6: Contoured images of Tau/Tau/Sal adolescent male rat brains
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Figure 7: Contoured images of Sal/Coc/Sal adolescent male rat brains
For each treatment group, the BrdU per mean area of each hippocampal region was
compared. One-way ANOVA tests revealed that there were no significant differences in BrdU
count across all of the treatment groups for CA1 (F (3,31) = .258; P= .8551), CA2 (F (3,31) =
.513; P= .6762), CA3 (F (3,31) = .143; P= .9333), the dentate gyrus (F (3,31) = .075; P= .9728),
and the hippocampus as a whole (F (3,31) = .137; P= .9372) (Figures #-#). Regardless of if the
groups were conditioned to cocaine without any taurine treatments, pre-treated with taurine and
then conditioned to cocaine, pre-treated with taurine and then co-administered taurine and
cocaine, or pre-treated with taurine and then conditioned to taurine, no significant differences in
hippocampal neurogenesis were observed.
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A)

B)
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C)

D)
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E)

BrdU/mean area (µm²) for Hippocampus

Figure 8: One-way ANOVA statistical analysis revealed no significant differences in
BrdU/mean area across all treatment groups in the A) CA1, B) CA2, C) CA3, D) dentate gyrus,
and E) overall hippocampus of adolescent male rats.
Discussion:
Previous experiments have shown that taurine, in adult rats, is capable of reducing
spontaneous locomotor activity and CPP for cocaine (Banerjee et al., 2013) and pre-treatment of
taurine is sufficient to reduce cocaine preference in males (Paine et al., 2002; Uribe, et al, in
prep.). However, regardless of treatment in this experiment, all the adolescent male rats showed a
preference for the paired chamber concerning cocaine. Pre-treatment and co-administration of
taurine was not effective in attenuating cocaine preference in adolescent males. Conditioning of
taurine also resulted in a significant preference for the paired chamber in male adolescent rats
suggesting that taurine has rewarding properties. In addition to not inhibiting cocaine reward,
neurogenesis was not changed after cocaine or taurine administration either. Therefore, it can be
concluded that taurine does not effectively protect the adolescent brain from cocaine’s addictive
properties.
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Testosterone during adolescence:
The adolescent males in this study showed a strong preference to cocaine. The presence
of testosterone may be the first source of explanation one may turn to when trying to rationalize
these results. A male’s testosterone levels are highest during the adolescence time period.
However, a 2008 study done by Minerly et al. provided evidence that, in the context of CPP for
cocaine, GDX males show similar results as intact males. This suggests that testosterone only
plays a limited role in cocaine-induced reward associations and locomotor responses. It has also
been reported that cocaine exposure affects testes morphologically and decreases the level of
testosterone produced in males (Alves et al., 2014). Testosterone is unlikely to be the reasoning
behind why the adolescent males showed such a strong preference to cocaine.
Neurogenesis during adolescence:
To seek an answer for why treatment with taurine failed to attenuate cocaine preference
in adolescents when it did so in adults, the neurogenic effects of taurine were turned to. Cocaine
holds the ability to decrease neurogenesis in the dentate gyrus (Deschaux et al., 2014). Reduced
adult hippocampal neurogenesis was capable of increasing and reinstating cocaine seeking
behaviors (Deschaux et al., 2014; Castilla-Ortega et al., 2016). In aged rats, taurine has been
noted to activate stem-like cells to increase cell proliferation and survival in the dentate gyrus.
Hippocampal neurogenesis is increased which should oppose the increase of cocaine seeking
behaviors. Even without a focus on neurogenesis, a study conducted in our laboratory stating that
pre-treatment with taurine is capable of attenuating cocaine preference in adult rats (Uribe, et al,
in prep.) stands to support this speculation.
Neuroplasticity is at its highest during adolescence, so the dip in hippocampal
neurogenesis due to aging is not present. It is possible that taurine treatment is still increasing
hippocampal neurogenesis levels, but because these levels are already at their highest, BrdU
staining would not reflect the increase. New neurons created from the increased neurogenesis
could be migrating to other parts of the brain. Neurons could have migrated to areas such as the
nucleus accumbens, reinforcing cocaine reward. This would explain why all treatment groups
showed no attenuation of cocaine preference. A hippocampus-focused, anatomical study such as
this one could not account for such an outcome. Our results: there were no significant differences
in BrdU count across all the treatment groups, wouldn’t reflect these dilemmas. Any cocaineinduced decreased levels of hippocampal neurogenesis would have been masked by the
neurogenic effects of taurine, further making results seem insignificant. Previous BrdU-protocol
studies have shown that adolescents have higher levels of cell proliferation and survival in the
nucleus accumbens than adults do. Further increasing those levels in the pubertal brain provides
more neuronal cells capable of being activated in response to cocaine, thus modifying behavior
towards cocaine-seeking (Staffend et al. 2014). In adolescents, taurine treatment would keep
hippocampal neurogenesis levels at their highest while also fueling reward systems to increase
cocaine preference.
Another possibility may be that taurine does not increase hippocampal neurogenesis in
the male adolescent brain. If so, nothing would hinder cocaine’s ability to decrease this
neurogenesis, thus increasing memory consolidation for cocaine preference (Akers et al. 2014).
This would explain the observed preference for the paired chamber in the CPP regardless of
taurine treatment in cocaine-receiving groups. Taurine’s inability to increase hippocampal
neurogenesis also fits well with the lack of significant differences observed in BrdU count.
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Taurine would make no impact on BrdU count. Hippocampal neurogenesis levels are their
highest during adolescence. This may account for why there were no observed cocaine-induced
decreases in these levels. Even so, cocaine’s effect would still be present and cause a strong CPP
response.
Taurine’s rewarding properties:
The most unexpected result found in this study was the preference adolescent male rats
developed towards a taurine paired CPP chamber. As stated before, adolescence is a very
anxiety-inducing time period. Taurine is effective in reducing anxiety in high anxiety animals
(McCool and Chappell, 2007) and has been shown to be effective as an anti-depressant in certain
cases (Toyoda and Lio, 2013). These alleviating effects of taurine could prove to be strong
enough to explain the rewarding behavior it seems to be expressing in this study. The speculated
increased neuron migration to the “reward center” of the brain, the nucleus accumbens, would
also account for the preference shown towards taurine.
Limitations:
This study utilized a CPP paradigm to measure the rewarding value of the treatment that
was paired to a chamber. This method of study depends on the cognitive component of the
association the subject can make with the stimulus it is presented and the associated reward. A
paradigm such as this one holds a limitation in which it does not fully reflect the human/drug
interaction that would occur outside of a study. A self-administration form of study would better
suit that reflection where a subject can receive the drug when compelled to. Microscope
observations and cell counting hold their own set of limitations as well. The process of mounting
and staining brain sections leaves room for the integrity of the sections to diminish. BrdU cells
were counted by person, which also leaves room for interpretive error.
A control group of rats only treated with saline (Sal/Sal/Sal) was not included in the
experiment. Initially, this group was not necessary for the CPP portion of the study as it would
not have given helpful results, but it would have been useful in the anatomical portion as an
appropriate baseline to measure and compare neurogenesis levels between the treatment groups.
Timing during the experiment also created some limitations that must be accounted for. The age
at which the rats were kept in the study ranged from the start to the end of adolescence. As
discussed before, there are anatomical changes that take place in the development from the
adolescent brain to an adult one, an example being decreased neurogenesis. Due to the extended
week taken after the conclusion of CPP to continue treatments with added injections of BrdU and
the two weeks taken before perfusion, the rats were allowed to mature into the later stages of
adolescents, which may have affected neurogenic results. Due to the two weeks taken before
perfusion, results of this study are leaned more towards cell survival rather than cell
proliferation. Perfusion directly after the last BrdU injection would result in more accurate cell
proliferation results. Frequency of treatment also changed following the conclusion of CPP.
During behavioral testing, groups had received treatments every other day with treatments of
saline in-between. For the week after, treatments were administered every day creating
inconsistency of treatment frequency. Increased administration of cocaine could have skewed
subjects’ brains towards resembling more addicted ones.
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Conclusion:
This study concluded that, in adolescent males, taurine was ineffective as an intervention
for substance abuse and produced no observable differences in hippocampal neurogenesis.
Adolescent males showed a strong preference to cocaine regardless of any treatment of taurine,
possibly due to the elevated neuroplasticity associated with that portion of the life span paired
with the increased neurogenesis resulting from taurine or taurine’s lack of effect on
neurogenesis. Taurine has shown to have rewarding attributes causing preference in the animals
tested in this study. The anatomical portion of this study only focused on neurogenesis occurring
in the hippocampus, which, in adolescents, would already be at its highest. Further increases in
neurogenesis due to taurine treatment would not be observable. Future anatomical studies could
focus on measuring neuron proliferation in brain areas associated with reward, such as the
nucleus accumbens, to test taurine’s effect there.
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